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in Cygnus X-1, there has hitherto been no systematic evidence for the acceleration of particles to gigaelectronvolt or higher energies in a microquasar, with the consequence that we are as yet unsure about the mechanism of jet energization. Here we report four c-ray flares with energies above 100 MeV from the microquasar Cygnus X-3 (an exceptional X-ray binary [4] [5] [6] that sporadically produces radio jets [7] [8] [9] ). There is a clear pattern of temporal correlations between the c-ray flares and transitional spectral states of the radio-frequency and X-ray emission. Particle acceleration occurred a few days before radio-jet ejections for two of the four flares, meaning that the process of jet formation implies the production of very energetic particles. In Cygnus X-3, particle energies during the flares can be thousands of times higher than during quiescent states.
Cygnus X-3 (Cyg X-3) is a powerful X-ray binary that has a period 5 of P orb 5 4.8 h and a typical luminosity near the maximum accretion power of a solar-mass compact star 10 , L X < 10 38 erg s 21 , for a 10-kpc distance 5 . The compact star powering the system is either a neutron star in an unusual state of accretion or a black hole of 10-20 solar masses orbiting around a Wolf-Rayet companion star 11 . So far, emission up to ,300 keV has been detected 12, 13 from Cyg X-3 and usually shows a complex X-ray spectrum with two main states ('soft' and 'hard').
The Italian Space Agency's Astro-rivelatore Gamma ad Immagini Leggero (AGILE) satellite 14 dedicated a special programme of extensive pointings to the Cygnus region between mid 2007 and mid 2009. The AGILE c-ray instrument 14 is very compact and is capable of monitoring cosmic sources simultaneously in the c-ray (0.1-10-GeV) and the hard-X-ray (18-60-keV) energy bands with good sensitivity and optimal angular resolution. AGILE operates in a fixed-pointing mode, implying that it can accumulate data on a source within its large field of view (2.5 sr for the c-ray imager) fourteen times a day, taking into account Earth occultations during each spacecraft orbit. A typical one-day exposure above 100 MeV can reach 10 7 cm 2 s and is ideal for detecting microquasar variability on short timescales (as short as a few hours).
For Cyg X-3, AGILE accumulated a total exposure above 100 MeV of almost 10 9 cm 2 s (equivalent to an effective duration of about five months). The c-ray intensity map of the Cygnus region is shown in Supplementary Fig. 1 . This region is complex, hosting star formation sites, OB associations and several prominent X-ray sources. Galactic diffuse c-ray radiation is taken into account by modelling 15 the interaction of cosmic rays with interstellar matter and radiation fields along the line of sight. AGILE's angular resolution satisfactorily resolves the field surrounding Cyg X-3 at c-ray energies. A dominant source 0.4u from the Cyg X-3 position is the steady c-ray pulsar 16 1AGL J203214102/0FGL J2032.214122. By integrating all AGILE data, we find a weak (4.6s) c-ray source consistent with the position of Cyg X-3 and a flux of F 5 (10 6 2) 3 10 28 photons cm 22 s 21 above 100 MeV. We also detect transient c-ray emission from a flaring source consistent with the Cyg X-3 position, in four distinct episodes (Table 1 ; see also Supplementary Fig. 2 ). These flares were found in an independent multisource maximum-likelihood search for transients in all available AGILE data (with off-axis angles less than 45u, and which covered an area of 5u 3 5u centred at the Cyg X-3 position). The statistical significance of each flare was assessed using both the maximum-likelihood analysis and the false-discovery-rate 17, 18 After careful investigation, we attribute this flaring source to Cyg X-3: no other prominent source is known within the AGILE c-ray error box. The average spectrum between 100 MeV and 3 GeV is well described by a power law with photon index 1.8 6 0.2.
These flares are all associated with special Cyg X-3 radio and X-ray/ hard X-ray states. Figure 1 shows the Cyg X-3 daily flux light curve at hard-X-ray energies (15-50 keV) as monitored using the Burst Alert Telescope on board NASA's Swift spacecraft between 1 January 2008 and 30 June 2009. Notably, all c-ray flares in Table 1 (Fig. 1, red arrows) occur either in coincidence with low hard-X-ray fluxes or during transitions from low hard-X-ray fluxes to high. The Cyg X-3 hard-X-ray fluxes (20 keV and above) and regular-X-ray fluxes (1-10 keV) are anticorrelated 6, 12 . Therefore, c-ray flares occur only during soft-X-ray states or during transitions between such states and quenched hard-Xray states.
A further crucial piece of information is provided by the Cyg X-3 radio states as monitored by our group using the Arcminute Microkelvin Imager Large Array, UK, and the RATAN-600 radio telescope, Russia. We find that two of four c-ray flares are distinctly produced before major radio flares. Figure 2 shows the radio, c-ray, soft-X-ray and hard-X-ray energy data of the strongest radio flare of Column one shows the dates of the c-ray flares from Cyg X-3. In all cases, Cyg X-3 showed a low-intensity or non-detectable hard-X-ray flux above 20 keV. Column two shows the X-ray state as determined by the public data in the band (2-12 keV) of the All-Sky Monitor on board NASA's Rossi X-ray Timing Explorer. Column three shows the radio-flux state at the time of the c-ray flare. Column four shows the time delay, DT 1 , between the c-ray flare and the radio-state minimum, if applicable. Column five shows the magnitude of the major radio flare following the c-ray flare (detection radio frequencies given in parentheses). Column six shows the time delay, DT 2 , between the c-ray flare and the major radio flare. Column seven shows the photon flux of the c-ray flare above 100 MeV. The errors show the statistical uncertainties and take into account the effects of the Galactic diffuse emission and the presence of nearby sources. MJD, modified Julian date.
-0. 19, 20) . Supplementary Fig. 4 shows the multifrequency data of the 12 December 2008 c-ray flare, which was also followed by a very strong radio outburst. On 2-3 November 2008 (and probably also on 21-22 June 2009; see Supplementary Figs 3  and 5) , the c-ray activity was associated with the source entering a 'quenched radio state' 21 , that is, a rare state (occurring 2% of the time) of radio-flux minimum that usually anticipates a major radio flare 8, 12 . Our results show that the flaring c-ray emission occurs only in special transitional states associated with bright soft-X-ray states and/ or the low radio emission that precedes major radio flares. We can clarify this point by using our data to update the schematic view of the radio/X-ray transitions as done in ref. 12 . Figure 3 shows the peculiar 'hysteresis curve' that Cyg X-3 follows in a radio and soft-X-ray flux diagram representing all spectral states of the source. Remarkably, the c-ray flares detected by AGILE tend to occur in the 'gully' of the hysteresis curve, which corresponds to states of very low radio flux and strong soft-X-ray flux that are preludes to major radio flares. Cyg X-3 spends only a few per cent of its time in these rare states 8, 12 . Our detection of transient c-ray emission above 100 MeV from Cyg X-3 provides direct evidence that extreme particle acceleration and non-thermalized emission can occur in microquasars with a repetitive pattern. So far, the complex interplay between inner-disk emission (and presumably soft-X-ray emission) and coronal or jet emission (most probably related to hard-X-ray emission) in Cyg X-3 has been addressed by Comptonization models that reproduce 12, 13, 22 the spectral states up to ,300 keV. Despite having a number of important differences with other Galactic systems 22 , the Cyg X-3 states resemble those of accreting black holes with a mixed population of thermal and non-thermal relativistic electrons. The Cyg X-3 X-ray spectral states are fitted by optically thick Comptonized models that include a reflection component 23 and an additional high-energy power-law component 12, 13 . Typical temperatures of the hot coronal plasma reach an equivalent energy of ,10 keV, and the high-energy tail has been modelled to extend to photon energies of one megaelectronvolt or slightly higher 12, 13 . However, Cyg X-3 is capable of accelerating particles by a very efficient mechanism leading to photon emission at energies thousands of times larger than the maximum energy so far detected (E < 300 keV). Furthermore, photons have to escape from regions that might be opaque to c-rays because of pair production, unless special conditions are satisfied. The peak c-ray isotropic luminosity is L c < 3 3 10 36 erg s 21 above 100 MeV. It is unknown whether this emission is leptonic or hadronic. The site and ultimate origin of this extreme particle acceleration depend on the disk-corona dynamics that lead to jet formation and relativistic propagation. A number of complex phenomena such as coronal magnetic field reconnection or shock acceleration along the proto-jets can take place and influence the formation of particle energy distribution functions at kinetic energies of up to 1 GeV and greater. For leptonic emission (see, for example, refs 24, 25 for microquasar studies), synchrotron radiation in the gigaelectronvolt domain requires large magnetic fields of ,10
4 G and Lorentz factors of c < 10 5 or greater. Alternatively, inverse Compton emission, at gigaelectronvolt energies, of the soft X-rays from the disk and/or optical or infrared radiation from the companion star also requires Lorentz factors of c < 10 5 before being suppressed in the Klein-Nishina regime at teraelectronvolt energies. Depending on the geometry (the Cyg X-3 jet inclination angle is constrained 7 to be ,10u-20u), c-ray emission can be boosted or partly suppressed. Hadronic emission involves proton-proton interactions (in the shock-accelerated front interacting, for example, with the Wolf-Rayet mass outflow) in relatively dense environments (see, for example, ref. 26) . In this case, protons have to be accelerated to Lorentz factors of c < 10 2 or greater, and the interaction may require a critical target density to occur. (Table 1) , which tend to occur in low-flux/pre-flare radio states. Cyg X-3 is rarely in these 'gully' states (only a few per cent of the total time 8, 12 ; Supplementary Information). For all c-ray flaring episodes, the radio and hard-X-ray fluxes are low or very low, whereas the X-ray flux (1-10 keV) is large.
